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Background: Bio cellulose is a byproduct of sweet tea fermentation known as kombusha. During the biosynthesis 
by bacteria cellulose chains are polymerized by enzyme from activated glucose. The single chains are then extru-
ded through the bacterial cell wall. Interestingly, a potential of the Kombucha’s byproduct bio cellulose (BC) as 
biomaterial had come into focus only in the past few decades. The unique physical and mechanical properties such 
as high purity, an ultrafine and highly crystalline network structure, a superior mechanical strength, flexibility, 
pronounced permeability to gases and  liquids, and an excellent compatibility with living tissue that reinforced by 
biodegradability, biocompatibility, large swelling ratios. 
Material and Methods: The bio-cellulose film specimens were provided by the R.P Dressel dental materials labo-
ratory, Department of Comprehensive Care, School of Dental Medicine, Case Western Reserve University, Cleve-
land, US. The films were harvested, washed with water and dried at room temperature overnight. 1wt% of PEG-
2000 and 10wt% of NaOH were added into ultrapure water to prepare PEG/NaOH solution. Then bio-cellulose film 
was added to the mixture and swell for 3 h at room temperature. All bio-cellulose film specimens were all used in 
the TA Instruments Q500 Thermogravmetric Analyzer to investigate weight percent lost and degradation. The TGA 
was under ambient air conditions at a heating rate of 10ºC/min.
Results and Conclusions: PEG control exhibited one transition with the peak at 380ºC. Cellulose and cellulose/ PEG 
films showed 3 major transitions. Interestingly, the cellulose/PEG film showed slightly elevated temperatures when 
compared to the corresponding transitions for cellulose control. The thermal gravimetric analysis (TGA) degradation 
curves were analyzed. Cellulose control film exhibited two zero order transitions, that indicate the independence of the 
rate of degradation from the amount on the initial substance. The activation energies for three transitions for cellulose 
and cellulose/PEG showed increasingly higher values for the transitions at higher temperatures.
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Introduction
Bio cellulose (BC) is a byproduct of sweet tea fermenta-
tion known as Kombucha (1). The bacterial cellulose is 
secretion product of vinegar bacteria that is pure cellulo-
se; BC has the same chemical structure as plant based ce-
llulose however without lignin or any other substances. 
During the biosynthesis by bacteria cellulose chains are 
polymerized by CesA enzyme from activated glucose. 
The single chains are then extruded through the bacterial 
cell wall (2). The secreted macromolecules subsequently 
assemble into micro fibrils (3,4) and finally into bundles. 
The loosely assemble bundles then form cellulose rib-
bons that are organized as porous 3D networks that are 
stabilized via inter- and intra- hydrogen bonding (5,6).
Interestingly, a potential of the Kombucha’s byproduct 
bio cellulose (BC) as biomaterial had come into focus 
only in the past few decades (7). That is why among 
vast array of advanced biomaterials investigated for 
various tissue engineering applications, biol cellulose 
(BC) has not been extensively evaluated (8) despite of 
the material’s strong potential to become a high value 
product in the field of dentistry. 
The unique physical and mechanical properties such as 
high purity, an ultrafine and highly crystalline network 
structure, a superior mechanical strength, flexibility, 
pronounced permeability to gases and  liquids, and an 
excellent compatibility with living tissue that reinforced 
by biodegradability, biocompatibility, large swelling ra-
tios (9,10). BC is defined by a wide range of applica-
tions from optically functional materials (11), compo-
sites (12), and novel materials for medical applications 
such as wound dressing (13,14). However, there are no 
reports addressing potential fabrication and bio viabili-
ty of the kombucha generated BC for dental soft tissue 
repair. 
In this work we have examined the effect of polyethyle-
ne glycol (PEG) incorporation on degradation behavior 
of bio-cellulose, which would be indicative of bio cellu-
lose specimen stability and potential to form soft, “skin” 
like feel upon touch that is attributed to moisture absor-
bent materials.
Material and Methods
The bio-cellulose film specimens were provided by the 
R.P Dressel dental materials laboratory, Department of 
Comprehensive Care, School of Dental Medicine, Case 
Western Reserve University, Cleveland, US. Glucose 
was purchased from Sigma-Aldrich (st. Louis, MO, US). 
Bio-cellulose film specimens (a symbiotic colony of 
Acetobacter and Saccharomyces) were cultured in deio-
nized water with the following glucose concentration 
5%. The films were harvested, washed with water and 
dried at room temperature overnight. Subsequently, bio- 
cellulose films was dried in vacuum at 350C overnight 
before PEG treatment. 1wt% of PEG-2000 and 10wt% 
of NaOH were added into ultrapure water to prepare 
PEG/NaOH solution. Then bio-cellulose film was added 
to the mixture and swell for 3 h at room temperature. 
Then the suspension was cooled down to -15ºC and held 
at that temperature overnight (12 h) until it became a 
solid frozen mass. All bio-cellulose film specimens were 
all used in the TA Instruments Q500 thermogravimetric 
analyzer to investigate weight percent lost and degra-
dation. The TGA was under ambient air conditions at a 
heating rate of 10ºC/min from 25ºC - 800ºC.
Results
PEG control exhibited one transition with the peak at 
380 C0. Cellulose and cellulose/ PEG films showed 3 
major transitions table 1. The cellulose/PEG film indica-
ted slightly elevated temperatures when compared to the 
corresponding transitions for cellulose control, which is 
probably due to hydrogen bonding within the matrix that 
is introduced by the presence of PEG. 
The thermal gravimetric analysis (TGA) degradation 
curves were analyzed. The kinetic parameters were deri-
ved from the thermogravimetric data (15,16).  Cellulose 
degradation has exhibited three distinct regions, where, 
(Fig.1):
Y= -log [1-(1-α)1-n/T2(1-n)]
n is order of the reaction
Fig. 1: Equation.
The n value was chosen based on the best straight line 
through the points - on the assumption that the order is 
constant throughout the reaction. Cellulose control film 
exhibited two zero order transitions, that indicate the in-
dependence of the rate of degradation from the amount 
on the initial substance. This is usually indicative of en-
zymatically controlled processes. Interestingly the PEG/
cellulose film exhibited only one the lowest temperature 
zero order transition, which might be an indication of 
increased influence of the amount of PEG, where the 
amount of PEG present influences the degradation ki-
netic. The activation energy was the highest for PEG 
control, 312 kcal/mol. The activation energies for three 
transitions for cellulose and cellulose/PEG showed in-
creasingly higher values for the transitions at higher 
temperatures (Figs. 2-4).
Discussion
Bio-cellulose is proving to be a versatile and extremely 
varied as far as possible biomedical applications for this 
material. The wide spectra of possible applications in-
clude wound-healing and temporary wound coverage 
material; tissue engineered tendons and guided tissue re-
generation. Bio cellulose was used as a physical barrier 
in the regeneration of periodontal tissue (17,18), where 
the separation allowed periodontal ligament cells and 
bone cells to proliferate within the wounded area leading 
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Sample ID Transition Temperature (C0) Transition Range (C0) n Ea kcal/mol
PEG 380 350-425 0.4 312
Cellulose
125 50  - 175 0 42
225 175 - 300 0 98
340 300 - 400 0.4 140
Cellulose/PEG 150 50-175 0 53
230 175-300 0.4 113
350 300-400 0.5 153
Table 1: Thermal degradation measurements of the cellulose specimens and controls.
Fig. 2: Analysis of cellulose degradation kinetics based on TGA 
measurement.
Fig. 3: Analysis of PEG degradation kinetics based on TGA mea-
surement.
Fig. 4: Analysis of PEG/cellulose degradation kinetics based on 
TGA measurement.
to bone regeneration. Interestingly a pure material as-
pects and characterizations of the bacterial cellulose are 
sparse in the literature. In this study was have showed 
and important way of characterizing the bio cellulose 
with possible outcome of predicting the overall stabili-
ty of the bio cellulose in various applications including 
dental research. 
References
1. Dufresne C, Farnworth E. Tea, Kombucha, and health: a review. 
Food Research International. 200;33:409-21.
2. Ross P, Mayer R, Benziman M. Cellulose biosynthesis and function 
in bacteria. Microbiol Rev. 1991;55:35-58.
3. Fink H, Ahrenstedt L, Bodin A, Brumer H, Gatenholm P, Krettek 
A, Risberg B. Bacterial cellulose modified with xyloglucan bearing 
the adhesion peptide RGD promotes endothelial cell adhesion and me-
tabolism--a promising modification for vascular grafts. J Tissue Eng 
Regen Med. 2011;5:454-63.
4. Zahedmanesh H, Mackle JN, Sellborn A, Drotz K, Bodin A, Gaten-
holm P, et al. Bacterial cellulose as a potential vascular graft: Mecha-
nical characterization and constitutive model development. J Biomed 
Mater Res B Appl Biomater. 2011;97:105-13.
5. Czaja W, Krystynowicz A, Bielecki S, Brown RM Jr. Microbial ce-
llulose-the natural power to heal wounds. Biomaterials. 2006;27:145-
51.
6. Czaja W, Romanovicz D, Brown R. Structural investigations of mi-
crobial cellulose produced in stationary and agitated culture. Cellulo-
se. 2000;11(3-4):403-11.
7. Iguchi M, Yamanaka S, Budhiono A. Bacterial cellulose - a master-
piece of nature’s arts.” Journal of Materials Science. 2007;35:261-70.
8. Haigler CH,  Brown RM. The Mechanisms of Cellulose Biosynthe-
sis. American Journal of Botany. 1985;72: 881-881.
9. Campano C, Balea A, Blanco A, Negro C. Enhancement of the fer-
mentation process and properties of bacterial cellulose: a review. Ce-
llulose 2016;23:57-91.
10. Santos SM, Carbajo JM, Quintana E, Ibarra D, Gomez N, Ladero 
J Clin Exp Dent. 2017;9(7):e875-8.                    Effect of polyethylene oxide on the thermal degradation of cellulose biofilm – low cost material for soft tissue repair in dentistry
e878
M, et al. Characterization of purified bacterial cellulose focused on its 
use on paper restoration. Carbohydrate Polymers. 2015;116:173-81.
11. Dahman Y, Oktem T. Optically transparent nanocomposites rein-
forced with modified biocellulose nanofibers.” Journal of Applied Po-
lymer Science. 2012;126:E187-E195.
12. Voicu G, Jinga SI, Truşcă R , Iordache F. Synthesis, Characteriza-
tion and Bio-Evaluation of Bioactive Composites Scaffolds Based on 
Collagen and Glass Ceramic.” Digest Journal of Nanomaterials and 
Biostructures. 2014;9:99-108.
13. Nakashima J, Laosinchai W, Cui X, Malcolm Brown R. New in-
sight into the mechanism of cellulose and callose biosynthesis: pro-
teases may regulate callose biosynthesis upon wounding.Cellulose. 
2003;10: 369-89.
14. Napavichayanun S, Yamdech R, Aramwit P. The safety and effica-
cy of bacterial nanocellulose wound dressing incorporating sericin and 
polyhexamethylene biguanide: in vitro, in vivo and clinical studies.” 
Archives of Dermatological Research. 2016;308:123-32.
15. Coats AW, Redfern JP. Kinetic Parameters from Thermogravime-
tric Data. Nature. 1964;201: 68-9.
16. Coats AW, Redfern JP. Kinetic Parameters from Thermogravi-
metric Data .2.” Journal of Polymer Science Part B-Polymer Letters. 
1965;3: 917-20. 
17. Novaes AB Jr, Novaes AB, De Oliveira PT. Preprosthetic perio-
dontal surgery in the interproximal area with modification of the COL 
area: Anatomic and histologic study in dogs.” Journal of Periodonto-
logy. 2001;72:1734-41.
18. Novaes G, Almeida Bezerra M, Galvão Paranhos da Silva E, Pinto 
dos Santos AM, Lago da Silva Romão I, Honorato Santos Neto J. A 
review of multivariate designs applied to the optimization of methods 
based on inductively coupled plasma optical emission spectrometry 
(ICP OES). Microchemical Journal. 2016;128:331-46.
Conflict of Interest
The authors hereby report no conflicts of interest with regards to this 
work. 
